Abstract Background
Application of mechanical restraints is a high-risk emergency measure that requires psychiatric intensive care in order to assure patient safety and expedite release at the earliest opportunity. While current regulations require that trained staff continuously observe restrained individuals, assessment by a registered nurse is required only once an hour. This project builds on research that demonstrated a regulatory change requiring more frequent registered nurse assessments led to decreased duration of mechanical restraint episodes in an acute psychiatric hospital.
Purpose
The purpose of this project was to implement and evaluate a practice change that required increased frequency of registered nurse assessment and surveillance during mechanical restraint episodes.
Methods
The nursing department standard requirement for frequency of face-to-face registered nurse assessment and surveillance of patients during episodes of mechanical restraint was increased on pilot units from once every thirty minutes to continuous assessment and surveillance throughout the duration of the restraint application. Quantitative data was collected on hours of duration of restraint episodes on four pilot units for three months before and three months after the intervention and mean duration of episodes was compared before and after the practice change.
Results
Mean duration of episodes on pilot units decreased 44% in the three months post DECREASING RESTRAINT DURATION 6 intervention: 15% on adult units and 70% on the adolescent unit.
Conclusion and Recommendation
Increasing the frequency of registered nurse assessment and surveillance during mechanical restraint has been shown to decrease duration of restraint episodes. Nurses are encouraged to change practice standards for mechanical restraint, which is a high-risk emergency measure, to provide continuous psychiatric intensive care by a registered nurse.
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Decreasing Duration of Mechanical Restraint Episodes by Increasing Registered Nurse

Assessment and Surveillance in an Acute Psychiatric Hospital
When patients in acute inpatient psychiatric hospitals attempt to harm themselves or others, they may be mechanically restrained. There is an abundance of evidence that mechanical restraint is a practice that poses significant physical and psychological risks for individuals who are restrained, interferes with the development of therapeutic relationships with healthcare providers and is not in line with the principles of trauma informed, recovery oriented care (Barnett, Stirling & Pandyan, 2012; SAMHSA, 2015) . In spite of years of national media attention, stringent regulation and rhetoric about dangers, mechanical restraint continues to be used as an emergency measure of last resort for managing harmful behaviors in acute inpatient psychiatric hospitals.
Background
The Center for Medicaid and Medicare Services (CMS, 2018a.) defines physical restraint as any "manual method or physical or mechanical "device, material, or equipment attached to or adjacent to the resident's body that the individual cannot remove easily which restricts freedom of movement or normal access to one's body (Glossary 'R,' pg.1)". Mechanical restraint involves the use of ties, straps, belts, wraps or other apparatus to immobilize an individual, while manual restraint involves holding an individual by using hands or body.
Physical restraint was routinely used to manage psychiatric patients for over three centuries (Masters, 2017) , until increased recognition of patient's rights and media reports of deaths of restrained patients (Weiss, 1998) nurse is also authorized and trained to determine whether or not the individual has met criteria and is ready for release from restraint. This determination requires skill in accurately assessing the probability that the individual will not resume whatever dangerous behavior resulted in the need for restraint.
This quality improvement project was the third Plan-Do-Study-Act (PDSA) cycle (Langley, Moen, Nolan, Nolan, Norman, Provost, 2009 ) in a four-year effort to decrease the use of mechanical restraint by increasing registered nurse assessment and surveillance ( Figure A1 ). Hampshire Hospital nurses to conclude that mechanical restraint is a high-risk emergency measure that is inherently dangerous and requires psychiatric intensive care by a registered nurse.
In the first PDSA cycle, the New Hampshire Hospital nursing department standard was changed on July 1, 2014 to require a registered nurse to assess mechanically restrained individuals every thirty minutes, instead of every hour. Analysis of data collected in Part 1, over a period of four years -two years before and two years after the change, showed that the hospital experienced a 34% decrease in hours of mechanical restraint per 1,000 hours of care. There was also a 13% decrease in percent of patients mechanically restrained and a 23% decrease in mean duration of mechanical restraint episodes following the change. The decreases in hours of mechanical restraint (t = 2.81, DF 46, p <.05) and duration of mechanical restraint episodes (t =2.74, DF 46, p <.05) were statistically significant. (Table B1 ).
In 2017, nurses on half of New Hampshire Hospital's units (C, H, J and APC-children under 14 years old) volunteered to participate in the pilot for a second PDSA quality improvement cycle. In the second change cycle, a registered nurse was required to continually and directly observe patients throughout the duration of mechanical restraint episodes. Data collected in Part 2, over a period of one year before and one year after the practice change, reflected that the percent of patients restrained and mean duration of mechanical restraint episodes increased across the hospital as a whole after the change (Appendix B). However, duration of restraint episodes decreased 12% on pilot units after the change, while duration of episodes increased 64% on the units that did not participate in the pilot. Duration of restraint episodes for children under age 14, in the pilot group, decreased 68%. The percent of patients restrained during this part of the project increased on all units except the pilot children's unit, where the percent of children restrained who were under the age of 14 years decreased 44%. The data from the first two parts of this project was used to inform nurses and provide a foundation for further testing of change, as part of an iterative Plan-Do-Study-Act (PDSA) quality improvement cycle (Langley, et al., 2009 ).
Problem Description
To provide the optimal level of safety and quality of care for individuals who must be physically restrained, intensive care by a registered nurse is required to mitigate risks and assure release at the earliest opportunity. New Hampshire Hospital's nursing department standard has, for many years, required a registered nurse to remain continuously with individuals who are manually restrained. During mechanical restraint episodes, however, CMS regulations and hospital nursing standards allowed the delegation of continuous observation and monitoring of mechanically restrained individuals to unlicensed workers. These workers lack the skill and training to recognize subtle signs of physiological distress and are not authorized to release the individual from restraint when the earliest opportunity arises.
Current CMS regulations require a face-to-face assessment by a registered nurse just once every hour. Since 2014, New Hampshire Hospital's nursing department standard has required assessment by a registered nurse once every thirty minutes. While thirty minute assessments provide more frequent surveillance and an opportunity for earlier recognition of readiness for release than hourly assessments, neither of these standards provide the level of psychiatric intensive care needed by individuals who are so critically ill that they must be mechanically restrained.
The purpose of this project was to attempt to decrease the duration of mechanical restraint episodes by requiring continuous, direct observation by a registered nurse, who is trained to recognize the need for medical treatment and the individual's readiness for release at the earliest opportunity.
Review of Literature
In order to learn about efforts to reduce the use of mechanical restraint in psychiatric inpatient hospitals, a literature search using the following electronic databases was conducted:
Medline Plus, Pubmed, CINAHL, Cochrane Library, ProQuest, PsychINFO and Google Scholar.
Key search words included MeSH terms and Boolean operators "restraint, physical," "inpatient psychiatric," "hospitals, psychiatric," and "restraint reduction." Two subsets of physical restraint -"manual restraint" and "mechanical restraint -were also included in the search. Studies included were published in the past five years, written in the English language and reported on the use of physical restraint in human adults, adolescents and children. A total of 4,695 articles about physical restraint were found, and these were screened for studies that described efforts to reduce the use of physical restraint. The number of applicable studies was further reduced to just seventeen when the following exclusion criteria related to settings were applied: long-term care
and geriatric settings, correctional systems, home care, schools and programs for individuals with intellectual disability and/or mental retardation and no major mental illness. Specific outcome of interest was duration of physical restraint episodes.
The literature search produced a number of articles about when restraint is used, how it negatively impacts patients and staff and why it should not be used (Aguilera-Serrano et al., 2018; Barnett, Stirling & Pandyan, 2012; Gill, 2014; SAMHSA, 2015) . Most studies of physical restraint are confounded by the implementation of multiple interventions at the same time and the simultaneous study of seclusion. Studies of specific strategies to decrease or eliminate the use of physical restraint are scarce. The search revealed broad categories of strategies (NASMHPD, 2017) to decrease the use of physical restraint through culture change and leadership. Other common themes are the use of policies and administrative oversight (Masters, 2017) and staff training (Ye et al., 2017; CPI, 2018) . There is some evidence that having more registered nurses on duty and requiring more nurses to provide care during restraint episodes may decrease the likelihood that patients will be restrained (Staggs, et al, 2017) . None of these studies, however, measured variables in relation to duration of restraint episodes.
According to the CMS (2018 b) Measures Inventory, the standardized CMS measure for reporting restraint use is hours of restraint per 1,000 patient hours (HBIPS-2). However, this measure of usage is influenced by a multitude of factors that guide the nurse's decision to initiate the use of restraint (NASMHPD, 2017) . Duration of restraint episodes is a more precise measure of the influence that direct observation by a registered nurse may have on the amount of time that an individual remains restrained, since the nurse's decision to end restraint is based upon the nurse's assessment of the individual's ability to refrain from harmful behavior.
Only one study was found that specifically explored the relationship between increased frequency of registered nurse assessments and duration of mechanical restraint episodes. In that study, conducted in an acute psychiatric hospital in Spain by Guzman-Parra, Garcia-Sanchez, Pino-Benitez, Alba-Vallejo, and Mayoral-Cleries, 2015), the mean duration of restraint episodes decreased significantly after new regulations required nurses to assess restrained individuals every fifteen minutes instead of every thirty minutes. According to the Effective Public Health
Practice Project (EPHPP) (Thomas et al., 2004 ) quality assessment tool for quantitative studies, the quality of the evidence in the study is low. Limitations of the Guzman-Parra study include lack of a control group and data from only one unit for two time periods that were separated by seven years, where staff education about restraint practices took place. However, it does provide some evidence that policy change to increase the frequency of registered nurse assessments may lead to decreased duration of mechanical restraint.
The observation that almost twenty years of intense public and regulatory scrutiny has not led to elimination of mechanical restraint suggests that current methods for avoiding and preventing the practice are not effective. The literature review revealed that there is no strong evidence to support any one strategy for decreasing duration of mechanical restraint episodes.
Given the importance of finding ways to reduce and eliminate the use of mechanical restraint in acute inpatient psychiatric settings, more study of specific interventions aimed at decreasing duration of restraint events is needed.
Since physical restraint is already limited by regulations to be an emergency measure of last resort, it may never be possible to completely eliminate the practice. Staggs (2015) found that in spite of intensive reduction efforts, nationwide rates of physical restraint use remained relatively constant between the years 2007 and 2013. There was, however, a clinically significant decreasing trend in mean duration of physical restraint applications during that time period.
Therefore, it is appropriate to focus quality improvement studies on methods to reduce the duration of physical restraint episodes.
Rationale
More study is needed to measure the influence of nurse assessment and surveillance on duration of mechanical restraint episodes. Direct observation, assessment and interaction with the restrained individual provide the best evidence to inform the registered nurse about whether or not release criteria have been met and it is safe to release the restrained individual. Release from restraint may be accomplished most expeditiously by a registered nurse who remains in the restrained individual's presence, continuously attuned to signs of readiness for release. Hence, the purpose of this project was to measure the change in mean duration of mechanical restraint episodes that occurred on pilot units after the nursing department standard was implemented to require mechanically restrained individuals to be continually and directly observed by a registered nurse during restraint episodes.
Theoretical Framework/Evidence Based Practice Model
A quality improvement project incorporated organizational change concepts developed by Lewin (1997) and Schein (1999) . According to Lewin, change follows a three-stage model 
Setting Barriers and Facilitators
The biggest challenge for the quality improvement project was to convince nurses that the anticipated strain on resources created by requiring increased nurse presence during mechanical restraint episodes is worthwhile. Support from nurse leaders has been found to be a critical element of success for any new project in a practice environment with limited resources (Aiken, Havens &Sloan, 2009) . In an attempt to overcome objections and "unfreeze" current culture and ways of thinking, a consistent change message communicated throughout this quality improvement project. This message was, 'While providing this level of care may pose challenges related to resources and routine workflow, we are committed to the idea that there is nothing more important than assuring the highest level of care for those who are experiencing psychiatric crises that require restraint.'
The four pilot unit leaders who were invited to participate in the third phase of the quality improvement project had declined a similar invitation early in 2017. Results from the Part 2 pilot were presented to those leaders a year later, in an effort to convince them to participate in Part 3 of the project. Positive feedback from nurses on the first pilot units supported the transformational approach used to convince other nurses to undertake the practice change.
Results from Part 2 showed that concerns that there would not be enough nurses available to directly observe patients were not founded. During the year after implementation of the practice change on Part 2 pilot units, there were only four reported instances where a registered nurse was unable to remain one-to-one with a restrained individual for the entire episode because there were not enough nurses available.
Cost-Benefit Analysis
Concerns related to costs associated with the requirement to assign a registered nurse to remain 1:1 with all restrained patients were allayed when a cost-benefit analysis determined that implementation of this improvement could result in increased annual costs of up to $4,800.
Nurses agreed that potential costs of medical care and litigation from just one injury to a patient during mechanical restraint would certainly exceed such a small cost increase, as would the physical and psychological benefits associated with earlier release from restraint.
Organizational Gap Analysis
Recognizing the need for psychiatric intensive care to be provided by a registered nurse during mechanical restraint episodes, New Hampshire Hospital nurses advocated for a change in nursing practice to narrow the gap between the current and desired states. Moving from the current state, where mental health workers may be assigned to continually monitor mechanically restrained individuals and a registered nurse is required to assess those individuals once every thirty minutes, to the desired state, where a registered nurse provides continuous, direct observation for mechanically restrained individuals.
Hypotheses
In order to evaluate the project, the following hypothesis was proposed: The duration of mechanical restraint episodes on Part 3 pilot units (D, G, ISU and APC-Adolescents ages 14-18) will significantly decrease (p, .05) during the three-month period after the nursing standard of care for mechanical restraint is implemented to require continuous, direct observation by a registered nurse.
Specific Aim
The specific aim for this quality improvement project was to provide the optimal level of care and safety for individuals who, in emergencies, must be mechanically restrained at New
Hampshire Hospital. The objective of the project was to change the nursing standard of care during mechanical restraint episodes from registered nurse assessment once every thirty minutes to direct and continuous observation by a registered nurse during the entire episode of restraint.
The desired outcome for the project was a 25% overall decrease in hours of restraint per episode on units D, G, ISU and APC (Adolescents 14-18 years of age) by August 31, 2018. This benchmark was determined based on the results from Part 1 of the quality improvement project, where a 23% overall decrease in duration was experienced and data from the first few months on the pilot units in Part 2.
Methods
Design
The design of the project was a quality improvement process, using a Plan-Do-Study-Act strategy (AHRQ, n.d.) , that involved changing the requirements for registered nurse practice 
Measure
The measure chosen to evaluate project outcomes was hours per episode of restraint (duration). The mean duration per episode, in hours, was calculated by dividing the number of hours of mechanical restraint for each month by the number of mechanical restraint episodes for each month in the study period. Hours of mechanical restraint attributed to manual holds were not counted, since a registered nurse already remained face-to-face with individuals during these events.
Data Collection
The data were collected from The information collected as part of evaluating the impact of this project did not include any potential patient or nurse identifiers. The risk to patients participating in this project was no different from the risks of patients receiving standard care. All standards of care during mechanical restraint episodes were met. There were no ethical considerations and no conflicts of interest.
Results
During the three months after implementation of the change in Part 3, there were six reports of situations where a registered nurse was unable to remain continuously with restrained individuals. All but one of those reported situations occurred during the first week after implementation of the change. Two reports were for a situation that required two individuals to be restrained at the same time. Two other reports indicated that the registered nurse was able to stay with the restrained individual for at least half of the episode, when they were compelled by emergent needs of other patients to delegate monitoring to an unlicensed worker. Nurses reported that they worked collaboratively with colleagues and supervisors in their efforts to meet the practice standard.
Duration of mechanical restraint episodes on pilot units (D, G, I & APC-14 to 18 years)
decreased a total of 44%, from a mean of 2.80 to a mean of 1.56, in the three months after registered nurses began staying 1:1 with mechanically restrained individuals ( Figure A4 ).
Duration decreased 15% on adult pilot units (D, G & I) and 70% on the adolescent unit (APC 14-18 years) in the three months after the intervention. During the same three month study period, duration of restraint episodes decreased 30% on the Part 2 pilot units, 100% on the APC children's unit to zero restraint use and 33% on all units combined (Table B3) . The results were analyzed using paired t-tests to compare the differences in pre and post intervention means, however the differences in Part 3 of the study were not significant (Table B4) .
Comparison of mean duration of restraint episodes over the entire course of the three-part quality improvement project reveals that there was an overall 30% decrease in the duration of restraint episodes at NHH-from a mean duration of 2.15 hours in 2012-2013, before the project began, to 1.51 hours from 2014-2018, after the project began ( Figure A5 ). This overall change in duration of restraint episodes was found to be statistically significant at p < .05 (Table B5) .
Discussion
Increasing the frequency of registered nurse surveillance and assessment of individuals who were mechanically restrained decreased the duration of restraint episodes in an acute psychiatric hospital. Results from the third Plan, Do, Study, Act (PDSA) cycle (IHI, 2018) add to what was learned in Parts 1 and 2.
In Part 1 of the study, duration of restraint decreased significantly after the nursing standard was changed to require thirty-minute assessments instead of sixty-minute assessments.
In Part 2, duration of restraint episodes decreased on units that piloted having a registered nurse stay continuously with restrained individuals, while duration of epsiodes decreased on non-pilot units. In Part 3, duration of restraint episodes decreased on the second group of units that piloted having a registered nurse stay continuously with restrained individuals. There were no statistically significant differences in duration of episodes found in Part 2 or Part 3. The lack of statistical significance may have been due to the small number of hours and relatively large standard deviations from the mean. Although the Part 3 results did not support the hypothesis through statistical significance, they were clinically significant. Overall results of the three-part quality improvement project were statistically significant and provide evidence that supports changing practice standards to require increased assessment and surveillance by a registered nurse during mechanical restraint.
The results of this quality improvement project are similar to those of Guzman-Parra et.al (2015) , who found that restraint duration decreased significantly after a mandatory regulatory protocol increased the required time for assessment by a nurse from every 30 minutes to every fifteen minutes.
The overall decrease occurred in spite of significant challenges and organizational The project demonstrates the value of increased registered nurse presence during emergencies that require the use of mechanical restraint. Psychiatric intensive care by a registered nurse expedites an end to restraint episodes, while providing increased patient safety.
The Act phase of this quality improvement project involved the process of "refreezing" change by presenting the results from all three parts of this quality improvement study to hospital nurses and other stakeholders. During these presentations, nurses talked about how it was sometimes really difficult to manage the new standard, yet they had managed, through cooperative effort and new ways of prioritizing tasks. One nurse said she wasn't surprised that duration of episodes decreased once a registered nurse had to remain continuously with a patient.
She explained that when a nurse left the room where a patient was restrained it was easy to get distracted and hard to get back to assess whether or not the patient was ready for release.
Evidence supporting the hypothesis that duration of mechanical restraint episodes decreased after the frequency of registered nurse assessment and surveillance was increased led nurse leaders to permanently change the New Hampshire Hospital Nursing Department standard to require that a registered nurse continually and directly observe individuals who are mechanically restrained.
The requirement for increased registered nurse presence during mechanical restraint is not always easy for nurses to manage. Knowing that people have died while being restrained, however, has helped nurses to overcome challenges in order to provide the best care. Nurses at New Hampshire Hospital can't remember any deaths that were attributed to the use of restraints and that is fortunate. While hoping that this trend continues, nurses are doing everything in their power to make sure that the lives of patients don't rely on good fortune.
Like ensuring that patients who are experiencing psychiatric emergencies get the highest level of care. Nurses have modified their workflow and prioritized psychiatric intensive care for individuals who are so ill that they must be physically restrained and this is making a positive difference.
Limitations
Findings of this study may not be generalizable to other settings because the results were limited to one inpatient hospital with only a three-month data collection period. Results may have been influenced by pre-implementation discussions about the dangers of restraint that occurred as part of the change process. Differences between pre and post intervention means may not reflect the fact that some nurses on non-pilot units changed their practices to remain 1:1 with restrained individuals before their units officially joined the project. Another possible confounder is that some nurses may not have remained 1:1 continuously with restrained individuals, but did not report it through a variance report.
Conclusions
The duration of mechanical restraint episodes in an acute psychiatric hospital decreased as the frequency of registered nurse surveillance and assessment of individuals who are restrained increased. Even though statistical significance was not found in all phases of this project, the overall results were clinically and statistically significant. 
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